Summary Changes in acinar cell volume during secretion were observed in the perfused rat mandibular gland by the video-enhanced contrast (VEC) microscopy. The acinar cell shrank (81.3 ± 4.9% (mean ± S.D., n = 5)) during acetylcholine stimulation and swelled (107.4 + 2.3% (n = 5)) after cessation of the stimulation. These evidences suggested that a large amount of fluid is transported via transcellular route in the salivary gland.
Some of the cellular functions cause the change of cellular volume. SPRING (1979) has reported the morphometric method for measurement of cell volume in planar epithelia such as the gall bladder and isolated renal tubules. His method could not be directly applicable to the mandibular gland because of its thickness. We abopted the video-enhanced contrast microscope system (ALLEN, 1985) to the perfused mandibular gland. This system enabled us to observe the surfaces of the living gland directly without any fixations and stains. The stereological analysis of video images revealed volume changes in the acinar cell associated with the secretory activity.
The rats (male, weight 250-350 g) were anesthetized by intraperitoneal injection of pentobarbital sodium (Nembutal 50-70 mg/kg). The mandibular gland was isolated for perfusion, as described by CoMPTON et al. (1981) . The artery of the mandibular gland was cannulated with a polyethylene cannula and perfused with a peristaltic pump (Cole-Palmer) with a constant rate (2 ml/min) at room temperature (23 + 2°C). The perfusate (pH 7.4) contained (in mM) Na 145, K 4.3, Ca 1.0, Mg 1.0, C1148.3, glucose 5, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) 10; and was bubbled with 100% 02. Acetylcholine chloride (ACh, Daiichi T. NAKAHARI, M. MURAKAMI, and T. KATAOKA Pharmaceutical Drugs Co.) was dissolved in the perfusate at a concentration of 1µM before the start of the experiments. The glands were first perfused with the ACh-free solution for 20 min and thereafter with the ACh-containing solution. The vein of the mandibular gland was cut. A polyethylene cannula was inserted into the duct of the mandibular gland and connected to a cup on an electronic balance (R300S, Sartorius). The secreted saliva was monitored at an interval of 5 s (MURAKAMI et al., 1980) . At the end of the experiment, the gland was blotted firmly to remove all edema fluid and weighed to normalize the salivary secretion rates according to the gland weight. The secretory responses of the perfused mandibular gland induced by ACh were biphasic, as shown in Fig. 1 . In this case, the secretory rate rose to an initial peak (150.8 p1 • min -1 • g -1) at 15 s, fell rapidly to 49.2 pl • min -1 • g -1 at 30s, again rose to 176.9 pl • min -1 • g -1 at 120 s, and declined to a plateau level (120 pl • min 1 • g-1). After the removal of ACh, the salivary secretion stopped within 120s.
The mandibular gland was perfused in a chamber on the stage of an invertedtype phase-contrast microscope (DIAPHOT-TMD, Nikon) connected to the videoenhanced contrast system (ARGUS-100/VEC, Hamamatsu Photonics). This system allowed us to visualize the surface of thick materials under low light and low contrast level. Images of the acini of the perfused gland were processed in the "rolling average" mode (16 frame averaging) , and in the "contrast enhancement" mode, observed on a monitor and recorded with a VHS video recorder. The video images were printed on the printing papers with a video graphic printer at intervals of 15-60 s for stereological analysis. The stimulation period was 3 min.
To estimate the volume change in acinar cells, 3 typical points were chosen from 3 different acini in the control image, and the area (A0) of a triangle determined by these points was measured. The same procedure was taken for the same 3 points in the following images recorded at intervals of 15 s, and each area (Ai) was obtained, where subscript i refers to the number of images at every 15-s interval. Assuming that swelling or shrinkage of the cell occurred in the same proportion in all directions and a triangle changed in a similar figure, we obtained the relative volume, r Vi = (Ai/A0)1.s The triangles obtained from all images were near similar figures and these findings supports our assumptions.
The photographs of Fig. 2 show the video images of the surface of the perfused mandibular gland. The surfaces of acini were slightly distended and smooth in the control ( Fig. 2A) , and pulsated in synchronization with the peristaltic movement of the pump. With infusion of ACh, every acinus shrank and all surfaces became irregular (Fig. 2B) . The acini were moved toward the hilus of the gland, according to the shrinking of acini simultaneously. This decrease occurred immediately after start of the stimulation, and reached a plateau level within 1.5 min. With removal of ACh, the acini swelled and their surfaces became smooth and distended again. The size of each acinus became larger than that of control at 3 min after cessation of stimulation (Fig. 2C) . We think that these changes were induced by those in volumes of acinar cells, because the luminar spaces were less than 2% of total gland (Nakahari, unpublished observations) and their changes were negligible. In the case of Fig. 2 , r Vi was 100% in A, 81.3 ±4.9°c (n = 5) in B, and 107.4± 2.3°c (n = 5) in C. Figure 3 shows the changes in r Vi of the video images in Fig. 2 along the experimental time course. The period of ACh stimulation was 3 min. With infusion of ACh, r Vi decreased rapidly (82.6 + (n = 5) at 45 s from the start of stimulation) and reached a plateau level (82-83%). After removal of ACh, r Vi recovered to the prestimulation level and increased to a level higher than that of prestimulation level within a few minutes (92.1 + 5.2°c (n = 5) at 1 mm, 102.4 ± 3.3 (n = 5) at 2 min, and 107.4 + 2.3% (n = 5) at 4 min after cessation of stimulation). Then r Vi decreased to the prestimulation level slowly. The cellular swelling after the cessation of stimulation was probably induced by the excessive Na entry during stimulation (SAITo et al., 1987; SEO et al., 1987) .
The decrease in cell volume induced by ACh has been already studied in perfused rabbit mandibular gland by means of the impedance method (NAKAHARI et al., 1987) . The volume fraction of gland decreased to 93.6% with infusion of ACh. The present study in perfused rat mandibular gland also showed the decrease in acinar cell volume during secretion. The cell volume during ACh infusion in rat mandibular gland decreased to 81.3%, and this change was larger than that of rabbit. It is well known that the pattern of salivary secretion in the mandibular gland of rat is different from that of the rabbit. The difference in shrinkage of acinar cells may reflect the secretory activity of mandibular gland between different animals.
The cell shrinkage during stimulation shows that the fluid outflux via luminar membrane is larger than the fluid influx via basolateral membrane. The probable causes for cell shrinkage were 1) exocytosis, 2) contraction of myoepithelial cells, 3) imbalance of fluid permeabilities between basolateral and luminar membrane, 4) changes in the cytoskeleton. The cell shrinkage coincided with the initial secretion. The rate of cell shrinkage was larger than that of initial secretion. The rate of acinar cell shrinkage calculated from r v; at 15 s from start of stimulation was about 400 ,ul • min -' • g -', though the rate of initial secretion was 150-180µl • min -' • g1. -We also reported previously that the extracellular fluid space (ECF space) decreased during secretion in dog mandibular gland in vivo and the rate of ECF decrease was about 100,1 min-' g-' (NAKAHARI et al., 1986 (NAKAHARI et al., , 1988 . The cell shrinkage was maintained in the steady secretion. Thus, the cell shrinkage coinciding with the initial secretion seems to be favorable for the following steady secretion. On the other hand, the rate of acinar cell swelling just after cessation of stimulation was about 120 p1 min-1 g-1. The cellular swelling after cessation of stimulation shows the fluid influx via basolateral membrane. The influx across the basolateral membrane is expected to exist during stimulation, because the influx just after cessation of stimulation would equal that during secretion. The amount of fluid influx during secretion was minimumly estimated to be more than 200 pl • min -1 • g -1 because the rate of salivary secretion that would be fluid outflux via luminar membrane, was also added to that of cellular swelling. The results suggest that a large amount of fluid is transported transepithelially during secretion, especially within the first minute of stimulation. The discrepancy between the volume change of acinar cell and the rate of salivary secretion suggests the possibility of fluid reabsorption in the ductal system (CooK and YOUNG, 1981) .
There is little evidence regarding the route of fluid transport in the salivary gland, in spite of many efforts made to distinguish between the transcellular (YOUNG and CooK, 1986 ) and paracellular routes (HUNTER et al., 1982; CASE et al., 1985) . Our observation showed that the acinar cell shrinks during stimulation and swells after cessation of stimulation. From the above speculations, it seems certain that a large amount of fluid secreted to the lumen is transported via the transcellular route. 
